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Abstract 
Solar energy continues to play dynamic role in the delivery of unpolluted and affordable 
source of generating electricity. Photovoltaic is the most hopeful technology amongst the 
types/methods of producing electricity from solar energy. The aim of this research is to 
demonstrate a complete modeling and simulation of 1001 Kwp grid-connected solar 
photovoltaic power plant at the site of SAEC, Thiruverkadu, Chennai. PVsyst software 
package is used to analyze the various factors that are considered for performance 
evaluation such are solar irradiation ambience, tilt angle, orientation, performance ratio, 
and system losses. 
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INTRODUCTION 
Due to cost of fossil fuels, the world has 
moved towards the renewable energy 
resources; solar plays a major role for 
generating the electricity because it is 
clean and ecofriendly. Sun is the major 
source in solar to produce the electricity. 
Solar power can generate in a two types, 
Solar Photovoltaic (PV) and solar thermal. 
For large scale industries solar 
photovoltaic is highly used. The PV cell 
has different materials and can use 
according to the efficiency of the cell. The 
most of the PV cells are made by single 
crystal silicon but there are different types 
in cell material, design and manufacturing 
methods. Solar PV cells are available as 
crystalline silicon, amorphous silicon cells 
such as Cadmium Telluride (Cd-Te), 
Copper Indium diselenide, and copper 
indium gallium diselenide (CIGS), dye 
sensitized solar cells (DSSC) and other 
innovative technologies such as silicon 
nano particle ink, carbon nanotube (CNT) 
and quantum dots. All the PV cells type 
has different efficiency.  
The plant uses the polycrystalline PV cell 
with efficiency of 13.5%. The PV 
technologies depending upon the 
development, the efficiency of PV arrays 
has improved and studies on PV systems 
have gradually increased. PV systems are 
operated in stand-alone mode and they are 
fed to the loads by stand-alone PV 
inverters. Interconnecting PV systems with 
the grid is popular design trend today’s PV 
system [1]. Design trend, and grid-
connection types of PV inverters were 
proposed [2]. Therefore, different power 
electronics technologies are designed to 
convert DC to AC power in solar 
application. The power output produced by 
a PV system depends on the irradiation to 
which it is exposed [3].  
 
Thus, the sun's position is not constant it 
changes throughout the day; the PV panel 
system should be adjusted so that the 
power output will be maximum to meet the 
maximum demand. 
 
The installed and targeted capacity of grid-
connected PV system in India has 
increased over the years, by the end of 
2017 & 2022 respectively. 
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Figure 1: Capacity of grid connected PV system in India. 
 
Electricity generated from photovoltaic 
power systems is a major source for 
renewable energy. Scientists are 
developing solar resources with enhanced 
technology to maximize energy production 
as much as possible. One of the prominent 
models of such a technology is the grid-
connected PV system which supplies 
electricity directly to the power grid [4]. 
The designer of the system is responsible 
for selecting the value of the different 
parameters: number and type of PV 
modules, inverter type, distribution of 
components in the installation field, etc. 
However, the values of the design 
parameters are indirectly proportional and 
therefore proposing a great challenge. For 
example, the installation of many modules 
increases the PV plants’ energy 
production; on the other hand, it leads to 
high cost in installation and lifetime 
maintenance of the PV plant [5]. 
Therefore, the grid-connected system 
design is a greattask. 
 
There are numerous existing softwares for 
analyzing and dimensioning the PV grid-
connected system. PVsystis useful map-
based software for international PV sites 
analysis. It could give the global annual 
energy output of PV systems connected to 
the grid in many part of the world. For 
many locations it could also provide PV 
energy output hourly values. PVsyst also 
provides international solarmaps. This 
powerful and easy to use tool is developed 
by André Mermoud and Michel Villoz. It 
allows anyone can estimate the 
performance of solar PV projects. 
 
In this paper, the simulations are 
performed using PVsyst to install 
1001Kwp grid-connected solar PV. The 
various factors such as solar irradiation 
ambience, tilt angle, orientation, 
performance ratio, and system losses 
which are considered for performance 
evaluation of PV system [6].  
 
SAEC PV PLANT 
The plant is located at SAEC, 
Thiruverkadu, Chennai. The average 
annual temperature is 28.6°C. The 
temperature range in summer is 32°C to 
36°C and in winter is about 21°C to 25°C. 
The plant Latitude is 13.064929and the 
longitude is 80.111003. This gives the 
perfect environment to implement and 
analyze the solar PV modules.
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Figure 2: Section of SAEC power plant. 
 
GRID CONNECTED PV PLANT 
PV grid-connected system consists of PV 
array, inverter and a grid. Since the 
generated energy is sent back to the grid, 
storage equipment is not required. 
 
 
Figure 3: Grid connected PV system. 
 
To attain maximum solar irradiation the 
tilt angle of the PV array is kept with the 
latitude of the corresponding location. 
Since the latitude of SAEC plant, is at 13°, 
the modules are oriented south and the 
solar panels are inclined at an angle of 10°.
 
 
Figure 4: Orientation of the panels. 
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Table 1: Collector plane orientation. 
Collector plane Orientation 
Tilt 
 
10
0
 
 
Azimuth 
 
0
0
 
 
20 Sheds 
Inactive band 
Shading limit angle 
Pitch 
Top 
 
6.50 m 
0.02m 
 
Collector width 
Bottom 
 
3.92m 
0.02m 
 
Shading electrical effect 
Gamma 
Cell size 
 
14.64
0
 
15.6cm 
Occupation ratio (GCR) 
Strings in width 
60.3%2 
 
SYSTEM PARAMETERS 
PV Panel Characteristics 
The PV panel uses the polycrystalline PV 
cell with the efficiency of 13.5% 
manufactured by Canadian Solar Inc. The 
Perez transposition model is used in the 
PVsyst software to transpose the yearly 
global radiation incident on a horizontal 
plane to yearly global radiation incident on 
the tilted plane. The panel having 20 
modules in series and 154 strings in 
parallel totally 3080 PV modules used.  
 
Table 2: PV panel characteristics. 
Characteristics Values 
Number of modules 3080 
Nominal power 325Wp 
Operating power 898kWp(50
0
) 
Array global power 1001kWp 
Voltage U mpp 662V 
Current I mpp 1357A 
Module area 6044m
2
 
Cell area 5398 m
2
 
 
Inverter Characteristics 
The plant uses 11 units of solar inverters 
M80H rated 400VAC manufactured by 
Delta Energy.  
 
Table 3: Inverter characteristics. 
Characteristics Values 
Number of units 11 
Operating voltage 200-400V 
Nominal power 80kWac 
Maximum power 88kWac (=>35
0
C) 
Total no. of units 11 
Total power 880kWac 
 
PERFORMANCE ANALYSIS 
Effective Energy at the Output of the 
Array 
The simulation results of effective energy 
output of the array over a year shown in 
table. The maximum energy output of the 
array is 167.0MWh in the month of March 
and minimum energy output of the array is 
108.5MWh in the month of November. 
The total energy output of the array over 
the year is 1632.6MWh [7].  
 
Table 4: Energy output of the array. 
Month E Array (MWh) 
January 136.6 
February 148.6 
March  167.0 
April 158.6 
May 151.0 
June 131.5 
July 127.8 
August 131.8 
September 132.4 
October 122.1 
November 108.5 
December 115.6 
Year 1632.6 
 
Energy Injected into the Grid 
The simulation results of average energy 
injected to the grid of SAEC plant over a 
year shown in a table. The maximum 
energy injected to the grid is 162.1MWh in 
the month of March and minimum energy 
injected to the grid is 89.8MWh in the 
month of November. The total energy 
injected to the grid over the year is 
1572MWh. 
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Table 5: Energy injected into the grid. 
Month E_Grid (MWh) 
January 132.9 
February 144.3 
March  162.1 
April 154.0 
May 146.9 
June 128.1 
July 124.5 
August 128.3 
September 128.7 
October 118.8 
November 89.8 
December 113.5 
Year 1572.0 
 
Performance Ratio (PR) 
The performance ratio of the SAEC power 
plant is calculated by [8]: 
Period of analysis: 1 year 
Average solar irradiation in a 
year:1941.1kWh/m
2
 
PV total module area:6044m
2 
Cell Efficiency:13.5% 
Nominal plant output: 
1941.1*6044*0.135=1583.82kWh 
                 
 
                  
                
     
 
The average performance ratio of the year 
is 79.41%. The performance ratio over the 
year shown in table. 
 
Table 6: Performance ratio (PR). 
Month PR 
January 0.817 
February 0.806 
March  0.797 
April 0.792 
May 0.789 
June 0.796 
July 0.796 
August 0.800 
September 0.798 
October 0.808 
November 0.695 
December 0.819 
Year 0.794 
 
LOSS FACTORS 
PV Array Loss Factors 
The PV array consist of different losses are 
array soiling loss, Thermal loss factor, 
Wiring ohmic loss, LID-Light Induced 
Degradation, Module Quality losses, 
Module mismatch loss and Incidence 
effect. 
 
Table 7: Loss factors. 
Factors Loss fraction 
Array soiling loss 2.0% 
Thermal loss factor 29.0W/m
2
k 
Wiring ohmic loss 1.5% at STC 
LID 1.5% 
Module Quality losses -0.4% 
Module mismatch loss 1.0% at MPP 
 
System Loss Factors 
The wiring ohmic loss (wires:3*1000mm
2
; 
228m) having loss fraction of 2.6% at 
Standard Test Conditions(STC) and 
unavailability of the system of 3.6 days, 
one periods is 1.0% time fraction [9]. 
 
SIMULATION RESULTS 
The PVsyst software is used for 
simulation. PVsyst is useful map-based 
software for international PV sites 
analysis. It could give the global annual 
energy output of PV systems connected to 
the grid in many part of the world. For 
many locations it could also provide PV 
energy output hourly values. PVsyst also 
provides international solarmaps. This 
powerful and easy to use tool is developed 
by André Mermoud and Michel Villoz. It 
allows anyone can estimate the 
performance of solar PV projects. 
 
Normalized Production 
The normalized production output of the 
inverter is high from February to April and 
output is low in the month November. The 
useful output energy of the inverter is 
4.3kWh/kWp/day. The system losses by 
the inverter is 0.17kWh/kWp/day and the 
collection losses by the PV array is 
0.95kWh/kWp/day. 
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Performance Ratio 
 
Figure 5: Normalized production chart. 
 
The simulation result shows 
performance ratio of the system is 
almost stable over a year except the 
month of November. The average 
performance of the system over a year is 
79.41 %( approximately 80%). 
 
 
Figure 6: Performance ratio (PR). 
 
Loss Diagram over the Whole Year 
The overall system losses of SAEC plant is 
shown in Fig.7. Horizontal global 
irradiation, Global incident in collector’s 
plane is 1941kWh/m
2
. The effective 
irradiation on the collector’s plane is 
1865kWh/m
2
. After the conversion of 
solar energy to electrical energy the array 
nominal energy is 1866MWh at STC [11]. 
The efficiency of the PV array at STC is 
16.56%. The array virtual energy at STC is 
1633MWh. The available energy at the 
inverter output after all the inverter losses 
is 1610MWh. After the AC ohmic loss, the 
average energy injected into the grid is 
1572 MWh. 
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Figure 7: Loss diagram. 
 
EVALUATION OF THE 
PRODUCTION PROBABILITY 
DISTRIBUTION 
The probability distribution variance is 
depending on some system parameters 
uncertainties [10]  
Annual production probability: 
Variability 40MWh 
P50  1572MWh 
P90  1521MWh 
P75  1545MWh
 
 
Figure 8: Probability distribution. 
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CONCLUSION 
In this paper, a 1001kWp photovoltaic 
grid-connected system located in the site 
of SAEC Thiruverkadu, Chennai was 
modeled and simulated by PVsyst software 
to evaluate the energy performance. The 
results show that the maximum solar 
irradiation was achieved at a tilt angle of 
10° with a value of 1865 KWh/m
2
. 
Furthermore, the system is composed of 
3080 solar panels of 325Wp and 11 
inverters of 80 KWac. The energy 
production was 1572MWh with a 
performance ratio of 79.41%. This shows 
that SAEC, Thiruverkadu, Chennai has 
great potential for solar energy utilization 
due to its strategic location. 
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